Background: Topical intranasal corticosteroid sprays (INCSs) are standard treatment for nasal polyps (NPs), but their efficacy is reduced by poor patient compliance and impaired access of drug to the sinus mucosa. A corticosteroideluting sinus implant was designed to address these limitations in patients with recurrent polyposis a er sinus surgery by delivering 1350 µg of mometasone furoate (MF) directly to the ethmoid sinus mucosa over approximately 90 days.
C hronic rhinosinusitis (CRS) is a broad, inflammatory syndrome affecting over 10% of Western populations, characterized by persistent nasal obstruction, drainage, facial pressure, and loss of smell. [1] [2] [3] CRS is often divided into 2 phenotypes based on nasal endoscopy, CRS with nasal polyps (CRSwNP) and CRS without nasal polyps (CRSsNP), but there is significant clinical overlap. First-line management consists of saline nasal rinses and standard, topical intranasal corticosteroid sprays (INCSs) for both phenotypes. 4 Symptoms fluctuate, and patients are subject to frequent viral, allergic, and bacterial exacerbations. 5 In resistant cases, extended courses of systemic corticosteroids are used to reduce symptom burden and avoid sinus surgery. 4, 6 Nevertheless, more than 250,000 endoscopic sinus surgeries (ESSs) are performed in the United States annually, with an average of 20% requiring revision surgery within 5 years. 7 The estimated direct and indirect costs of CRS in the United States exceed $30 billion, not including the hidden cost of antibiotic resistance, as CRS accounts for 7% of all antibiotic prescriptions in the United States. 8, 9 Alternative treatment options are particularly needed for CRSwNP, which is associated with higher symptom burden, increased medication use, greater revision rate, and higher costs compared to CRSsNP. 4, 8 CRSwNP is most commonly characterized by type 2 eosinophilic inflammation in Western countries. 10 The etiology and pathogenesis are unclear, but severe mucosal inflammation in the ethmoid sinuses results in polyps that project into the nasal cavity, obstructing the airway. 11, 12 Corticosteroids diminish eosinophil infiltrates, reverse type 2 inflammation and remain the standard medical treatment for CRSwNP. 13, 14 Systemic corticosteroids are effective, acutely shrinking polyps, but the efficacy is transient and limited by dose-dependent side effects. 13, 15, 16 INCSs have a high margin of safety, but efficacy is blunted by patient noncompliance and the limited access of these drugs to the ethmoid sinus mucosa. 17 Bioabsorbable sinus implants, which elute corticosteroids, were designed to address these limitations and improve surgical outcomes for CRSwNP when used in the immediate postoperative period. 18 Larger, second-generation steroid implants with publication. R.L.K. has no conflict of interest to report. J.P.S. received consulting fees from Intersect ENT, Acclarent, and Spirox, as well as research grants from Acclarent, Spirox, and Otonomy. S.L.S. has no conflict of interest to report. A.S. received consulting fees from Intersect ENT. J. nearly 4-fold higher corticosteroid content (1350 µg vs 370 µg) released over a 3-times longer period of time (90 days vs 30 days) have been developed for in-office treatment of recurrent NP as an alternative to revision surgery. These implants are inserted in the ethmoid sinuses under local anesthesia. Early trials with this implant have shown positive trends for treatment of recurrent nasal polyps (NPs) with an excellent safety profile. [19] [20] [21] [22] Here, we present the results of a phase 3 trial in adults with CRSwNP, who were indicated for repeat surgery to treat moderateto-severe, medically-refractory symptoms of nasal obstruction/congestion with recurrent NPs in both ethmoid sinuses.
Patients and methods

Trial design and oversight
We conducted a prospective, randomized, double-blind, parallel-group, sham-controlled trial to evaluate the safety and efficacy of a bioabsorbable corticosteroid-eluting sinus implant (SINUVA TM Sinus Implant, Intersect ENT, Inc., Menlo Park, CA), containing 1350 µg of mometasone furoate (MF). The implant is a drug/device combination product that was not approved by the U.S. Food and Drug Administration (FDA) at the time the study was conducted. The trial was registered on ClinicalTrials.gov (NCT02291549) and conducted in accordance with the principles of the Declaration of Helsinki and applicable regulatory requirements. Patients were enrolled from December 2014 to May 2016 at 34 clinical sites across the United States. The institutional review board of each participating site approved the protocol and provided trial oversight. Each patient provided written informed consent prior to undergoing any study-related screening procedure. A 14-day run-in screening period using INCS was followed by the baseline procedure (implant placement or sham) and 90-day follow-up. Eligibility was confirmed based on an electronic diary of nasal obstruction/congestion symptoms over the first 7 days of the 14-day run-in screening period using INCS and grading of videoendoscopies by an independent reviewer. Eligible patients were randomized (2:1) to the treatment or control group using an electronic data capture system and underwent either bilateral implant placement or sham procedure. During 90-day follow-up both treatment and control groups were required to selfadminister MF nasal spray (MFNS) 200 µg once daily (Nasonex Nasal Spray; Merck & Co., Inc., Whitehouse Station, NJ). Assessments at baseline and each followup visit at days 14, 30, 60, and 90 consisted of subjective patient-reported and objective endoscopic grading. Patients were masked during the baseline procedure and each follow-up endoscopy. The implants are made from bioabsorbable polymers designed to gradually soften over time and may be left in the sinuses to gradually release the corticosteroid over 90 days. The study protocol required that all implants were removed by day 60 to ensure blinded assessment by the independent panel at day 90 (co-primary endpoint).
Patients
Eligible patients were 18 years old or older, had a confirmed diagnosis of CRSwNP 23 based on symptoms and endoscopic examination, had undergone prior ESS, including bilateral total ethmoidectomy, and were currently indicated for repeat ESS. To be indicated for repeat ESS, a patient had to: (1) be using INCS daily for at least 14 days prior to eligibility; (2) receive at least 1 course of high-dose steroid therapy (eg, oral steroids, parenteral steroid injections, budesonide drops/irrigations, nebulized steroids) or refused such therapy due to side effects within the past 1 year; (3) continue to have moderate-to-severe symptoms of nasal obstruction/congestion (score ࣙ 2 on a scale from 0 to 3 on at least 5 of 7 days, as determined based on an electronic daily diary); and (4) have endoscopic evidence of bilateral ethmoid sinus obstruction due to polyposis (grade ࣙ 2 on a scale from 0 to 4 on each side, as determined by an independent reviewer based on centralized videoendoscopy review). Patients were excluded if they had NPs grade 4 on at least 1 side; extensive adhesions/synechiae that could preclude access to either ethmoid sinus; allergy or intolerance to corticosteroids; concurrent condition requiring active chemotherapy, immunotherapy, or oral steroids; clinical evidence of acute bacterial sinusitis, invasive fungal sinusitis, diabetes mellitus; or known history or diagnosis of glaucoma, ocular hypertension, or subcapsular cataract.
Interventions
Patients assigned to the treatment group underwent inoffice bilateral placement of 2 implants into the ethmoid sinuses under local anesthesia and continuous endoscopic visualization. Patients assigned to the control group underwent an in-office bilateral sham procedure, consisting of insertion of the implants into the ethmoid sinuses followed by immediate withdrawal without placement. None of the polyp tissue was removed before or during the baseline procedure. Patient compliance with daily dosing of 200 µg of MFNS once daily was carefully monitored by research center staff and was reinforced by use of the electronic diary, which reminded patients to score their symptoms of nasal obstruction/congestion prior to dosing.
Leading up to the baseline procedure, there was a 30-day restriction for use of parenteral injection of steroids and a 14-day restriction for use of oral steroids, budesonide drops/irrigations, and nebulized steroids. Following the baseline procedure, prohibited concomitant medications included systemic steroids, budesonide drops/irrigations, and nebulized steroids. Preexisting asthma and allergy regimens, including inhaled corticosteroids, leukotriene receptor antagonists, and immunotherapies, were maintained throughout day 90 if patients were currently on such regimens. Rescue treatments with antibiotics, oral steroids, or revision surgery were provided if medically necessary. Patients who received prohibited steroids or surgery could continue in the study and were analyzed according to their assigned treatment group, and their most recent scores and videos prior to intervention were used for analysis of subsequent time points.
Endpoints
The 2 co-primary efficacy endpoints were the change from baseline to day 30 in nasal obstruction/congestion score, as determined by patients, and change from baseline to day 90 in bilateral polyp grade, as determined by the independent, blinded panel. Patients scored nasal obstruction/congestion symptoms on a scale of 0 (no symptoms) to 3 (severe symptoms) for 7 days preceding each visit using an electronic diary in the morning before dosing with MFNS. Bilateral polyp grade represents a sum of left and right polyp grades, each scored using an 8-point scale, which included 3 intermediate grades (1.5, 2.5, and 3.5) that were added to the 5-point scale from 0 (no polyps) to 4 (polyps completely obstructing the nasal cavity) validated by Meltzer et al. 24 to allow more sensitivity in quantifying the burden of polyposis in post-ESS patients with altered anatomy and varied amount of obstruction by polypoid edema (ࣙ 25%, 50%, or 75% of the ethmoid sinus/middle meatus). NP grading was performed by the panel of 3 sinus surgeons based on a centralized, independent, blinded review of videoendoscopies at baseline and day 90 (co-primary endpoint) and by unblinded clinical investigators during endoscopy at all time points (secondary endpoints), resulting in a total grade on a scale from 0 to 8, with higher grade representing greater severity.
Five secondary efficacy endpoints were evaluated and analyzed according to a prespecified plan to control familywise type 1 error rate (FWER, see Statistical Analysis). These endpoints were as follows: (1) nasal obstruction/ congestion score change from baseline to day 90; (2) change in percent ethmoid sinus obstruction at day 90, as determined by the independent, blinded panel on a 100-mm visual analogue scale (VAS); (3) decreased sense of smell score change from baseline to day 90, as determined by patients on a 6-point Likert scale of 0 (absent) to 5 (very severe); (4) facial pain/pressure score change from baseline to day 90, as determined by patients on a 6-point Likert scale of 0 (absent) to 5 (very severe); and (5) proportion of patients still indicated for repeat ESS at day 90 despite ongoing INCS use based on clinical investigator assessment using study-specific criteria. To be still indicated, the patient had to: (1) complain of CRS symptoms including nasal obstruction/congestion and postnasal discharge, facial pain/pressure, or altered sense of smell/taste; (2) have endoscopic evidence of persisting NPs (grade ࣙ 2 on each side); and (3) have received or need a systemic steroid as noted during endoscopy.
To further assess the clinical benefits of the sinus implants, additional exploratory endpoints included the proportion of responders, defined as reduction from baseline to day 30 in nasal obstruction/congestion score by ࣙ 0.5 and ࣙ 1.0 point and reduction from baseline to day 90 by ࣙ 1.0 and ࣙ 2.0 point in bilateral polyp grade. In the absence of established minimally clinically important differences (MCIDs) for nasal obstruction/congestion score and bilateral polyp grade, the above improvement thresholds have been considered clinically meaningful changes for treatment of NPs based on the criteria used in prior MFNS studies. 25, 26 We evaluated safety by monitoring adverse events, including severity of the event and relationship to implants, which was categorized as either related to the study drug, study device, or implant procedure.
Statistical analysis
For the primary and continuous secondary endpoints, we used the analysis of covariance (ANCOVA) model with baseline value as a covariate and site and treatment group as fixed effects. Between treatment differences were estimated from the same ANCOVA model and reported as least squares means with 95% confidence intervals (CIs) and p values. For categorical secondary endpoints, we used the Cochran-Mantel-Haenszel test with site as the stratification variable. For the study to be successful, both coprimary efficacy endpoints required statistical significance. After meeting the co-primary endpoints, the 5 prespecified secondary endpoints were adjusted for multiplicity using the Holm's step-down method to control for FWER. Other endpoints were considered exploratory. Analyses were adjusted for any steroid and surgical interventions by imputing that consisted of carrying forward the most recent values and videos prior to receiving or initiating such intervention. Statistical analyses were performed by independent biostatisticians using an intent-to-treat (ITT) population, which included all patients who underwent randomization and in whom sinus implant placement or sham procedure was attempted. The bilateral polyp grades from the 3 reviewers for the same patient were averaged. The results for a given sinus were set as missing if 2 of the 3 independent reviewers could not provide assessments. The results for a given patient were set as missing if the value for one sinus was missing. No imputations for missing data were performed. All reported p values are 2-sided.
Results
Of the 531 patients enrolled and screened, 300 were randomized and underwent a baseline procedure (Fig. 1) . The ITT population comprised 201 treatment and 99 control patients. Implant delivery success rate was 99.0%. One treatment patient (0.5%) was lost to follow-up, and 1 control patient (1.0%) withdrew from the study. Patient demographics and baseline clinical characteristics were well balanced between the treatment groups ( Table 1 ). The majority of patients complained of nasal obstruction/ blockage, postnasal discharge, and altered sense of smell/ taste, underwent 2 or more prior revision ESS, and had history of allergic rhinitis and asthma. Patients receiving implants demonstrated significant reductions in both nasal obstruction/congestion score (p = 0.0074) and bilateral polyp grade (p = 0.0073) compared to control (Table 2) . Therefore, both co-primary efficacy objectives were met.
At day 90, implants were associated with significant reductions in 4 of the 5 prespecified secondary endpoints compared to control (Table 2) . Significantly fewer patients receiving implants than sham remained indicated for repeat ESS based on the prespecified study criteria (39.0% vs 63.3%, p = 0.0004). Patients treated with implants also had significantly greater decrease in percent ethmoid sinus obstruction (p = 0.0007) and experienced sustained symptomatic improvements in nasal obstruction/congestion (p = 0.0248) and sense of smell (p = 0.0470), but not in facial pain/pressure (p = 0.9130).
Significant improvements favoring implants were also observed in symptoms of nasal obstruction/congestion at day 60 and endoscopic outcomes by investigators through day 90 (Fig. 2) . The improvement in endoscopic outcomes is illustrated in Video 1 that contains endoscopic images from a treatment patient at the baseline and through follow-up. Significantly more patients receiving implants than sham experienced clinically meaningful improvement in nasal obstruction/congestion score and bilateral polyp grade (Table 3) .
Fewer patients in the treatment group than control received rescue treatments through day 90 (Table 4) . Oral steroids for ethmoid sinus obstruction were used by 13.9% of treatment patients, compared to 18.2% of controls (p = 0.4080), with the majority of treatment patients not requiring oral steroids until day 90. There was similar proportion of patients in the treatment and control groups that remained on montelukast for the treatment of asthma throughout the study (35.3 .% vs 32.2%). Three (3.0%) control patients underwent repeat ESS prior to day 90 compared to none of treatment group. The overall incidence of adverse events was similar in both groups, and the most common was sinusitis, which occurred less frequently in the treatment group (Table  5) . Five treatment patients experienced a device-related adverse event (epistaxis, nasal discomfort, rhinalgia, parosmia). Four serious adverse events (asthma, streptococcal asthmatic bronchitis, epistaxis, pneumonia) occurred in 3 patients, but only epistaxis requiring surgical cautery was judged to be related to the sinus implant. It occurred after day 30, and the patient recovered without sequelae.
Discussion
In this phase 3 trial, sinus implants were superior to sham with once-daily MFNS for the treatment of recurrent NPs in patients with CRS across multiple subjective and objective outcomes. The observed magnitude of improvements with sinus implants is compelling, especially because the study population comprised CRSwNP patients with high prevalence of allergic rhinitis, asthma, and AERD, and those who failed several prior surgeries. All patients were candidates for repeat ESS because of moderate-to-severe CRS symptoms and recurrent NPs despite ongoing use of INCS and 1 or more courses of high-dose corticosteroids in the prior year.
Nasal obstruction/congestion is the most common subjective complaint associated with NP. The treatment group demonstrated rapid superiority to controls in reducing nasal obstruction/congestion scores by day 30 that was sustained throughout the whole duration of the study, with maximal symptomatic improvement in the treatment group at day 90, a full month after implant removal. The observed improvement in the sham group speaks to the high level of compliance with daily MFNS in this study. Polyp grade is a commonly accepted objective measure of severity in CRSwNP. The implant group demonstrated greater polyp shrinkage compared to sham at day 90, which was also supported by the greater decrease in ethmoid sinus obstruction. Both reductions were based on videoendoscopy grading by an independent panel of 3 sinus surgeons who were masked to both treatment assignment and patient symptoms. The polyp shrinkage was further supported by the onsite clinical investigators who reported the rapid onset of action of implants compared to sham. Although an MCID for NP has not yet been established, a ࣙ 1.0-point reduction in polyp grade has been defined as a meaningful response. 26, 27 Based on the clinical investigator scoring, 72% of patients who received implants achieved at least 1.0-grade reduction and 48% at least 2.0-grade reduction by day 90, compared to 37% and 16% of sham, respectively. The 2-fold higher responder rate among treatment patients than control further supports the notion that the treatment with the corticosteroid-eluting implants provides clinically meaningful benefits to patients with recurrent NP.
Olfactory loss affects quality of life of patients with CRSwNP and represents 1 of the main reasons to seek medical or surgical treatment. [28] [29] [30] [31] The magnitude of improvement in olfaction with implants in this study exceeded that seen in prior MFNS trials for NPs and was similar to that seen with surgery, indicating clinical significance. 25, 26, 32 The failure to improve facial pain/pressure scores is not surprising because this symptom is more closely associated with CRSsNP, and its association with CRS in general has been questioned. 33 A key parameter determining the clinical relevance of any treatment for recurrent CRSwNP would be a reduction in the need for surgery. In the clinical setting, this is largely a decision driven by patient preference, and no standard subjective or objective outcome criteria have not yet been established. For this trial, we utilized prespecified study criteria for indication for repeat surgery, and there was a significantly greater reduction in the need for repeat ESS at day 90 for the treatment group compared to control. Specifically, there was a 61% reduction (from 100% at the onset to 39%) among patients receiving implants, compared to 37% reduction (from 100% to 63.3%) among sham patients. The observed reduction is clinically meaningful given that only patients who experienced significant improvements in both symptoms and NP were considered to be no longer indicated for repeat surgery. Furthermore, the results from an earlier trial suggests that the significant reduction in the need for repeat surgery extends through 6 months. 19 The efficacy of corticosteroids for the treatment of nasal polyps is generally dose-dependent, particularly for oral corticosteroids, which access the ethmoid polyps via the bloodstream. For INCS, doubling the standard dose of MF from 200 µg once daily (QD) to 200 µg twice daily (BID) also results in significantly greater reduction in nasal obstruction. Added reduction in NP size, however, was not clearly demonstrated. 9, 25 Although the reason is unclear, this may reflect the fact that 70% of MFNS is swallowed, accessing only the superficial surface of the NPs present in the nasal airway. 34 In this trial, the sinus implant plus MFNS significantly reduced both bilateral polyp grade and nasal obstruction/congestion scores when compared to MFNS alone. This likely reflects the ability of the implant to more effectively deliver corticosteroids to the ethmoid mucosa via direct elution onto the roots of the polyps. Unpublished, preclinical animal studies with the implant indicate high tissue concentrations of MF for over 60 days postremoval. Furthermore, the implant may shrink the polyps, permitting superior access and, therefore, increased efficacy of continued daily MFNS. This is analogous to the sustained improvement sometimes observed with INCS following a burst of oral corticosteroids or with surgery.
Limitations of the current study include the absence of a defined medical regimen prior to enrollment. To ensure generalizability, we relied on real-world management by the treating rhinologists in concert with patient preferences. A second limitation was that the clinical investigators performing endoscopic grading and assessment of indication for repeat ESS at day 90 were not blinded to the treatment assignment. This was mitigated by removing all implants by day 60, providing the day 90 videoendoscopies to the panel for centralized, independent, blinded grading of the Since the mometasone furoate sinus implant is a drug/device combination product, each AE and SAE was evaluated in terms of its relationship to the implant drug, the implant device component, and the implant placement procedure. AE = adverse event; SAE = serious adverse event.
co-primary endpoint and by requiring real-time grading by clinical investigators without reviewing prior grading and following the prespecified and standardized set of criteria. Although the 2 endoscopic grading methodologies correlated well, the magnitude of polyp shrinkage was greater when evaluated by the unblinded investigators than by the independent, blinded panel. The reasons are unclear but may reflect limitations of videoendoscopy review without other clinical information to fully appraise the magnitude of change. It is noteworthy that the sham arm receiving MFNS only also demonstrated greater polyp shrinkage when evaluated by onsite investigators than when evaluated the blinded panel, which suggests that the lack of investigator blinding may not be a major factor in the rating differences. Specifically, the onsite investigator performing the endoscopy may be better able to assess the magnitude of change in polyp score than someone merely viewing an endoscopy performed by a third party. A third limitation was that the length of the trial was also relatively short (90 days), reflecting the time course of drug release from the implant. The morbidity and cost of CRSwNP remains substantial, which has led to trials of new treatment options designed to shrink NPs. 27, [35] [36] [37] In this regard NPs are now generally viewed as a group of clinical entities driven by distinct but likely overlapping molecular pathways. 10 Absent biomarkers, it remains unclear which specific treatment is best suited for these endotypes. 38, 39 Furthermore, although initial results are promising, the cost of biologic agents will be high and the durability of response unclear. Corticosteroids on the other hand, are inexpensive and broadly effective, limited primarily by drug induced morbidity and patient compliance. Corticosteroid-eluting sinus implants are drug/device combination products designed to deliver drug directly to the sinus mucosa in a controlled fashion. 22 Our current results suggest that the improvements with the sinus implants are maintained on INCS after implant removal, supporting prior studies indicating efficacy at 6 months postinsertion. 19 Moreover, the high degree of safety suggests that repeat placement may be an option for patients still indicated for revision surgery.
Conclusion
Significant improvements over a range of subjective and objective endpoints, including a reduction in the need for sinus surgery by 61%, suggest that MF sinus implants may play an important role in management of CRS patients recurrent NPs.
